Background The treatment of comminuted proximal humerus fractures in older patients is challenging. Variable values of functional outcomes scores, ROMs, patient satisfaction, and bony healing have been reported with conventional techniques, including open reduction and internal fixation, percutaneous pinning, and hemiarthroplasty. Another alternative is reverse total shoulder arthroplasty, although it is unclear whether this provides better ROM or function. Questions/purposes We (1) evaluated ROM, pain level, and American Shoulder and Elbow Surgeons scores of patients who had a reverse total shoulder arthroplasty for displaced three-and four-part proximal humerus fracture and (2) identified clinical and radiographic complications from the procedure.
Introduction
Displaced three-and four-part proximal humerus fractures in the elderly are complex and challenging to manage. In the older patient population, these fractures occur often in association with substantial osteoporosis, preexisting rotator cuff pathology, and multiple comorbidities. Further, these fractures are associated with a risk of developing osteonecrosis of the humeral head, with reported rates ranging from 21% to 75% in these fractures [25, 28, [33] [34] [35] 47] . Revision of a failed open reduction and internal fixation (ORIF) in this patient population is additionally associated with worse ROM, Constant-Murley scores [11] , and UCLA scores [1] versus primary treatment with hemiarthroplasty [5] .
Internal fixation of these fractures in this patient population provides inconsistent results with regard to postoperative function, ROM, and pain relief. Failure rates for ORIF in patients older than 60 years range from 13% to 20% [19, 26, 34, 36, 49] . Even with the advent of locking plate technology, complications such as loss of reduction and screw penetration still occur at rates from 21% to 43% [36, 41] . Patient age greater than 60 years also increases the risk for these complications and subsequent worse scores on the Short Musculoskeletal Function Assessment Questionnaire and the Disabilities of the Arm, Shoulder, and Hand questionnaire [36] .
The use of hemiarthroplasty for treating displaced threeor four-part fractures was initially reported by Neer [34] . Multiple studies subsequently reported inconsistent results for ROM and function [2-4, 9, 16, 20, 22, 30, 37, 39, 41, 50] . Complications include displacement of the tuberosity fragments, persistent pain, glenohumeral joint space narrowing, and heterotopic ossification ( Table 1) .
Several authors have suggested the use of reverse total shoulder arthroplasty (RTSA) for these complex proximal humerus fractures [7, 8, 15, 21] (Table 2 ). However, its use is controversial since complication rates for this procedure have ranged from 10% to 75% [12, 14, 18, 27, 40, [44] [45] [46] . The reported complications of RTSA include neurologic injury, glenoid fracture, dislocation, scapular notching, component loosening, and infection. Limitations of these studies have included small populations (ranging from five to 41 patients) and short followup times (mean, 1-6 years).
We therefore (1) evaluated the ROM, pain level, and American Shoulder and Elbow Surgeons (ASES) scores of older patients who had a primary RTSA for acute displaced three-and four-part proximal humerus fracture and (2) analyzed their complications.
Patients and Methods
We retrospectively identified 32 patients from three institutions who underwent a RTSA for acute proximal humerus fracture between January 2005 and December 2008. Inclusion criteria for the study were age 65 years or greater, acute proximal humerus fracture, and minimum clinical followup of 12 months. Exclusion criteria for this study were any patient younger than 65 years and any patient with previous fracture treatment on the affected shoulder. One patient died from causes unrelated to her shoulder surgery 4 months postoperatively and one of the 32 patients did not meet the followup criterion for entry into the study. All injuries were sustained in a fall from standing height. The mean (±SD) age of the group was 76.7 ± 8.1 years (range, 65-94 years). The minimum followup was 12 months (mean, 23 ± 8 months; range, 12-36 months). Twenty-seven patients were women and three were men. Two patients reported actively smoking. Two patients in the group had prior rotator cuff repairs on the affected side. One patient had a rotator cuff repair 6 months before her injury and a second patient had a rotator cuff repair 3 years before his fracture. The humerus fracture was in the left shoulder in 13 patients and in the right shoulder in 17 patients. The dominant arm was involved in 15 patients. One of the fractures was a threepart fracture and the rest were four-part fractures. Four of the four-part fractures were valgus impacted and three were fracture-dislocations. The mean time from injury to surgery was 10 days (SD, 6 days; range, 1-30 days). Medical comorbidities in the patient population included hypertension in 14 patients, hypercholesterolemia/dyslipidemia/ coronary artery disease in eight patients, diabetes mellitus in seven patients, hypothyroidism in five patients, chronic pulmonary obstructive disease in two patients, colon cancer in one patient, breast cancer in one patient, and autoimmune hepatitis in one patient. The treating physicians (RG, RJN, TBE) are fellowship-trained shoulder surgeons who exclusively perform shoulder surgery with a tertiary referral practice. During the study period, approximately 15 to 20 proximal humerus fractures were treated collectively by the investigators each month. The majority of these patients were treated nonoperatively, although other surgical techniques were employed as indicated. The authors' selection criteria for patients who would benefit from RTSA as a treatment for complex proximal humerus fractures include patients who are older than 65 years and have multiple comorbidities and/or substantial osteoporosis. The authors also believe a long history of tobacco use is a relative indication for RTSA in this patient population due to its detrimental effects on vascularity and tissue healing. Hemiarthroplasty is also an option for treatment of these injuries. In the authors' experience however, subsequent ROM and function have been unreliable with hemiarthroplasty. Ultimately, the patient selection for RTSA in the treatment of complex proximal humerus fractures, including those in this study, is based on the surgeons' experience and assessment of whether or not each patient would have a successful outcome with ORIF or percutaneous pinning as compared to RTSA.
Preoperative AP, scapular Y, and/or Velpeau radiographic views of the shoulder were used to evaluate the fractures and aid in preoperative planning. The treating physician assessed the fracture type according to the Neer classification [33] , evidence of preexisting arthrosis, concomitant injuries, and evidence of osteopenia or osteoporosis. All patients in this study received a RTSA prosthesis produced by Tornier (Edina, MN, USA). The patient was placed into the beach chair position. We implanted all prostheses through a standard deltopectoral approach. The greater and lesser tuberosity fragments were identified with the attached rotator cuff and mobilized. We then secured these fragments using numerous heavy nonabsorbable sutures through the tendinous insertion using a modified Mason-Allen suture configuration. The remainder of the humeral head and its fragments were removed. The humeral medullary canal was reamed and broached to the appropriate size. The glenoid was exposed and the central drill hole was then drilled slightly inferior to the center of the glenoid such that it was equidistant from the anterior, posterior, and inferior rims. Next, we reamed the glenoid in preparation for the baseplate. The reamers were angled inferiorly between 0°and 10°. The baseplate was impacted into the glenoid and the screws were placed appropriately before insertion of the glenosphere. We placed a cement restrictor into the humeral canal at an appropriate depth for the selected stem. The depth of placement for the humeral stem was estimated during surgery by approximating the normal anatomic height of the humerus in two ways: (1) utilizing the superior border of the pectoralis major tendon insertion, which is approximately 5.6 cm caudad to the superior aspect of the humeral head [32] , as a reference for the proper height of the humeral stem and/or (2) anatomically reconstructing the tuberosity fracture fragments to the humeral shaft so that the normal position of the greater tuberosity relative to the humeral shaft could be ascertained. The stem size for these implants was determined by using distal reamers until cortical contact was made at the proper intramedullary diameter for each patient. From this approximation of the native anatomy, the prosthesis was placed in the position normally recommended for a standard RTSA. We placed the humeral prostheses in approximately 20°of retroversion based on the epicondylar axis of the elbow. The humeral stem was cemented into the humeral shaft after two drill holes were made in the lateral cortex of the humerus and two nonabsorbable sutures were passed through these holes to later form tension band sutures as described by Boileau et al. [6] . Additionally, the sutures securing the greater tuberosity and attached rotator cuff were then passed around the medial and inferior portion of the prosthesis stem as described by Boileau et al. [6] . The shoulder was then taken through a trial ROM and stability was assessed by looking for humeral decoaptation from the glenosphere throughout the passive ROM. Specifically, the shoulder was tested in (1) shoulder adduction, extension, and external rotation and (2) 90°of abduction and external rotation. If decoaptation was detected on examination, the thickness of the polyethylene insert was increased to increase the tension on the prosthesis and subsequent stability. The wound was then closed in the standard fashion. Two of the three surgeons routinely use subcutaneous drains (21 of 30 patients). Appropriate intravenous and perioperative antibiotics were administered to each patient. All patients were placed in a shoulder sling postoperatively for a period of 3 weeks and were encouraged to perform active elbow, wrist, and hand ROM exercises. Physical therapy for the shoulder commenced on Postoperative Day 10 with gentle pendulum exercises, using 10 to 20 repetitions, two to three times a day. Passive shoulder ROM was started on Postoperative Day 14 with forward flexion limited to 90°for 1 week. Active ROM was begun at 3 weeks postoperatively.
Patients were followed postoperatively at intervals of 2 weeks, 6 weeks, 3 months, 6 months, 12 months, and annually thereafter. Each postoperative evaluation included a clinical examination and radiographic images including AP and axillary views of the shoulder. Outcomes assessed at each visit included the ASES score and visual analog scale (VAS) pain score [29, 38] . There were no missing data.
The treating physicians (RG, RJN, TBE) evaluated all radiographs of their own patients for radiolucencies under the baseplate, around the central peg of the baseplate, and around the humeral stem. Evidence of a component migration or failure was evaluated by comparing sequential true AP of the scapula and axillary lateral views of the shoulder. The position of the components relative to constant anatomic markers such as the acromion, coracoid, scapular pillar, and glenoid margins were used to evaluate the glenoid component for changes in position. Periprosthetic fracture, tuberosity nonunion, migration, and resorption were all evaluated on the standard AP and lateral radiographs of the shoulder as well. The presence of notching was evaluated and graded using the methodology described by Sirveaux et al. [40] using a true AP view of the scapula. Scapular notching was graded on a scale of 1 to 4. Grade 1 notching involves the scapular pillar only, Grade 2 notching is in contact with the inferior screw, Grade 3 notching extends to the superior part of the inferior screw, and Grade 4 notching extends under the baseplate beyond the inferior screw.
Results
The mean postoperative ASES score was 78 ± 13 (range, 36-98). The mean postoperative ASES pain score was 0.7 ± 1.4 (range, 0-5). The mean postoperative VAS score was 1.1 ± 1.6 (range, 0-5). The mean postoperative active forward flexion was 139°± 28°(range, 90°-180°) and the mean postoperative active external rotation was 27°± 12°( range, 0°-45°). We noted no radiolucencies or evidence of component subsidence or component migration. One patient had a preoperative brachial plexopathy that had not resolved at last followup. This patient suffered from a fracture dislocation of the shoulder and presumed brachial plexus injury at the time of her fall. She developed a complex regional pain syndrome (CRPS) in the affected extremity postoperatively. In addition, this patient had resorption of the greater tuberosity in followup imaging and a lower extremity deep venous thrombus immediately after her surgery. There was one case of Grade 1 scapular notching. One patient had a malunion of the greater tuberosity but had 150°of active forward flexion and 30°of active external rotation. There were no postoperative infections, hematomas, or dislocations. There were no acromial stress fractures or periprosthetic fractures noted. No complications resulted in reoperation.
Discussion
Comminuted proximal humerus fractures in the elderly represent a difficult clinical problem. Previous reports in the literature demonstrate major complications associated with conventional osteosynthesis and hemiarthroplasty (Table 1) . Another alternative is RTSA, although it is unclear whether this provides better ROM or function. We therefore evaluated pain level, ROM, ASES functional scores, and any complications for patients older than 65 years who underwent primary RTSA for complex proximal humerus fractures.
Our study has several limitations. First, we had a selected cohort of patients without a direct comparison group. In the investigators' experience, the use of hemiarthroplasty in the patient population described above has inferior results compared to RTSA for these comminuted fractures. Therefore, we do not use hemiarthroplasty for treatment of these fractures with this patient population and would not attempt a study to directly compare the two techniques. Second, this was a multicenter retrospective study and was not prospective. The criteria for patient selection (described in Patients and Methods) differed minimally among the physicians. Third, we had a relatively small sample size, which decreases the power of the results. Primary RTSA for the treatment of these fractures is relatively controversial and is not performed at a high volume at any center involved in the study. Therefore, combining results from these institutions allows a more meaningful analysis of results. Fourth, we had only short-term followup with these patients. We cannot say whether these implants will be more durable in the long term compared to other alternatives. Lastly, we did not have independent evaluators collecting and reporting our data. Each investigator relied on his individual assessment of the radiographs and ROMs to complete the datasets. These assessments are therefore prone to intraobserver and interobserver variability.
Our patients demonstrated substantial reductions in pain after primary RTSA for displaced three-and four-part proximal humerus fractures. Our results for pain relief are comparable to improvements observed in previously published literature for this procedure (Table 2) [5, 6, 12, 18] . The ROM in our patients for both forward flexion and external rotation are slightly better than those previously reported. In the study by Klein et al. [21] , the patients had similar mean forward flexion (122°) and external rotation (25°); however, the remainder of the reported studies have demonstrated mean forward flexion of between 97°and 107°a nd mean external rotation of 8°to 9°. All of the studies referenced above that evaluated RTSA for the primary treatment of proximal humerus fractures demonstrated forward elevation of the shoulder consistent with all activities of daily living, which typically require up to 90°of shoulder flexion. Our mean ASES score was 78, which is comparable to the study of Klein et al. [21] , which reported a mean ASES score of 68 and represents the only other study evaluating RTSA for proximal humerus fractures using the ASES score.
There are several risks inherent in treating proximal humerus fractures primarily with RTSA. Overall complication rates of RTSA for the treatment of rotator cuff arthropathy range from as low as 7% [43] to as high as 75% [46] . We encountered no intraoperative surgical complications. One patient developed CRPS associated with a brachial plexopathy secondary to the injury. This patient also had resorption of the greater tuberosity on followup imaging and poor ROM with pain. The most common complications in previously published reports on the use of RTSA for proximal humerus fracture have included scapular notching (0%-53%), tuberosity nonunion or malunion (0%-46%), and heterotopic ossification (0% and 88%) [5, 6, 12, 18] . We encountered one patient with scapular notching (3%), but the notching was not associated with increased pain or reduced function. No patients had reoperation for a complication associated with their arthroplasty.
Complications reported with hemiarthroplasty for fracture include tuberosity malunion and nonunion, painful glenoid wear, heterotopic ossification, persistent pain, and loosening of the humeral component [2, 4, 9, 13, 16, 17, 20, 22, 24, 30, 31, 39, 42, 48, 50] . The mean active elevation and active external rotation, as well as standard outcomes measures, have been correlated with healing of the greater tuberosity [5, 10, 22, 42] . Often the mean active elevation is reported to be around 100° [10, 31, 42] ; however, closer examination of results shows less than 50% of the patients are able to flex past 90° (Table 1) [20, 23, 50] . One study directly compared RTSA with hemiarthroplasty for acute proximal humerus fractures in the elderly [15] . Although limited by its retrospective nature, small study population (21 hemiarthroplasties, 19 RTSAs), and short followup (6-18 months), the authors found a difference between the groups. Patients with RTSA exhibited better anterior elevation (98°versus 54°), abduction (91°versus 60°), and Constant-Murley scores (53 versus 39), but the hemiarthroplasty group exhibited better external rotation (14°v ersus 9°). The clinical importance of the 5°difference in external rotation between these two groups is unclear. However, the functional difference between 54°and 98°of forward flexion in these two groups is clinically important.
The treatment of displaced proximal humerus fractures in the elderly population represents a difficult problem for the treating physician. Our short-term observations after primary RTSA compare favorably with those reported in the literature for other alternatives and demonstrate reliable pain relief and functional improvements in older patients with these fractures. Long-term followup of the use of RTSA as a primary treatment modality for these fractures is necessary to assess component longevity, duration of pain relief, and ROM, as well as the incidence of late complications.
